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/

Oxides of nitrogen (NOx) are an air pollutant from the testing of
gas turbine engines. Out-of-airframe engine testing is regulated by air
pollution control agencies which require NO emissions data on applica-
tions for permits to construct and -)perate engine test facilities. Aside
from continuous emissions monitoring, current methods of determining NOR
emissions from test cells depend on the availability of accurate records
of engine operational data. This degree of record keeping is excessive
given the difficult conditions under which engine testing is normally
conducted. To avoid excessive record keeping, th, Aircraft Environmental
Support Office recommends a simple procedure for the determination ofl NOx
emissions. Its use depends only on accurate records of fuel usage for
each engine test run.

The procedure involves the use of a correlation coefficient which
relates the weight (pounds) of NOX emissions to the weight (pounds) of
fuel consumed during engine testing. The coefficient is characteristic
of a given engine type, demonstrating little variation amcng individual
aNines. This report establishes a correlation ccefficient for the
TF41-A-2B engine based on actual emissions data and the run sheets from
27 engine tests conducted in test cells at NAS Lemoore, California. The
correlation coefficient, equal to 0.01515 pounds of NO" fcrmed per pound
of fuel consumed, determined NO' emissions to within 1% of actual values.
An, arilvsis of the statistical validity of the coefficient supports its
Use as a reliale procedure. j I.
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1. INTRO=UCTON

Oxides of nitrogen (NO.), a combination primarily of nitrogen oxide
and nitrogen dioxide, are an air pollutant from the testing of gas
turbine engines. Engine test cells therefore constitute a stationary
source of NOx emissions. Unless otherwise exempt, newly constructed
or modified test cells must comply with federal New Source Performance
Standards. (11 These standards were designed to regulate operations
with continuous emissions, such as power plants and refineries. However,
engine test cells are inactive for many days of the year, and are
therefore not continuous emission sources.

The amount of NO. formed during engine testing is part of the
information required on applications to regulatory agencies for authority
to construct and permission to operate test facilities. To assist NAS
Lemoore in complying with local emissions regulations, the Aircraft
Environmental Support Office (AESO) developed a procedure for determining
NO emissions. The procedure establishes a correlation coefficient which
relates the weight of NO, emissions produced to the weight of fuel
consumed during an engine test run. The correlation coefficient can be
used to determine NOx emissions over a specified compliance period, based
only on values of fuel usage per engine test run.

This report establishes a correlation coefficient for the TF41-A-2B
engine based on a sample of 27 engine tests conducted in test cells at
NAS Lemoore, California. An analysis of the statistical validity of the
coefficient is presented to support its use. AESO used a similar approach
in an earlier report to establish a correlation coefficient for the
F404-GE-400 engine. (2) The general approach is described in the next
section.

2. EMISSION INDEXES AND ENGINE OPERATIONAL DATA

2.1 EMISSION INDEXES

An emission index relates the amount of a pollutant in the engine
exhaust to the amount of fuel used. It is commonly expressed as pounds
of exhaust constituent per 1,000 pounds of fuel consumed. This report
considers only a single pollutant, oxides of nitrogen. The emission
index for NOx is calculated from measured concentrations of carbon
monoxide, carbon dioxide, oxides of nitrogen and hydrocarbons in the
engine exhaust.
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The emission index for NOx varies with engine power setting, being
lowest at idle and highest at full pcwer (military mode). In order to
calculate the amount of NOx formed at each power setting, an appropriate
value of the emission index must be known. To establish these values,
AESO evaluated the measured gaseous emissions data from 7 TF41-A-2B
engine test reports. (3) Each test report provides values of the
emission index for 6 power settings between idle and full power. Figure
1 shows a semi-logarithmic plot of emission index versus thrust for the
reported gaseous emissions data. A simple curve fitting program was
used to generate an exponential curve fit defined by the equation

y = aebx (1)

where a and b are constants (a = 2.02 and b = 1.76 x 10 ) determined
by the program, y is the emission idex and x is the thrust in pounds.
The coefficient of determination, r2, for the resulting fit is 0.93301.

Only data corresponding to thrust values in the range from 4,000
to 15,000 pounds were used to generate the curve fit. The TF41-A-2B
engine is rated at 15,000 pounds of thrust. Therefore regular engine
testing above this limit was not conducted. As seen from Figure 1, the
relationship between emission index and thrust is not exponential for
thrust values between idle and 4,000 pounds. For this reason an average
value of 1.6 was calculated as the emission index for idle. Equation
(1) is then used to calculate the emission index for thrust settings
within the specified range, for any TF41-A-2B engine.

2.2 ENGINE OPERATIONAL DATA

This section of the report describes the organization of the data
in Tables 1 - 27. The TF41-A-2B engine run sheets on which these tables
are based are included in Appendix A. Tables 1 - 9 contain engine data
from test cells at NAS Lemoore. The tests were conducted from May
through July of 1987. Tables 10 - 27 contain engine data from earlier
tests also conducted in test cells at NAS Lemoore - testing occurred from
August through November of 1985. The engine run sheets, on which these
tables are based sometimes lacked thrust and fuel consumption values at
idle and military operation. Estimated values are provided for these
parameters. At idle the TF41-A-2B demonstrates an average thrust of 640
pounds and an average fuel flow rate of 1,050 pounds per hour. At
military the average thrust is about 12,800 pounds, and the average fuel
flow rate is 8,040 pounds per hour.

The first 4 columns of each table contain the engine operational
parameters. These 4 parameters are: rpm, thrust, fuel flow, and time
of operation at a specified power setting. For the purposes of this
report, rpm is used only as a means of data identification. It is not
used computationally. The rpm provides an indication of the relative
power setting for each row of data in the tables, ranging from idle
(7,000 rpm) to full power (12,800 rpm). Equation (1) and the remaining
3 parameters are then used to determine the entries in the next 3
columns; "Fuel use", "El' and "Pounds of NOx". Section 2.3 describes
the calculations and summarizes the results.

2



2.3 CALCULATIONS AND SUMMARY OF RESULTS

2.3.1 CAICIATIONS

Tables 1 - 27 present TF41-A-2B engine test data and the resulting
NO emissions. The amount of NOx formed at each power setting is deter-
mined as follows. Each row of data in the table, identified by an rpm,
corresponds to a power setting. By using the fixed emission index at
idle (1.60) and equation (1) for all other power settings, this report
calculates an emission index for each recorded thrust value. The fuel
usage (pounds) is calculated by multiplying the fuel flw by the time,
which must first be converted into hours. A division of the fuel usage
by 1,000 (the emission index is for pounds per 1,000 pounds of fuel used)
and multiplication by the emission index then gives the "pounds of NOx"
formed at that power setting. A summation of the NO * emissions from all
the power settings in a table gives the total NOx emissions for that
engine test.

Tables 1 - 27 conclude by calculating the total fuel consumption
and the total NOx emissions for the test. A division of the total
pounds of NOx by the total pounds of fuel used gives the pounds of NOx
formed per pound of fuel. This value is the correlation coefficient
discussed in the introduction. Note that this parameter has a function
similar to that of the emission index, although it is expressed somewhat
differently.

2.3.2 CMPUTER PROGRAM

A FORTRAN program was used to perform the calculations and to
generate the tables. The program documentation and coding appear in
Appendix B. A catalog of environmental calculations, also available
frm AESO, z2zcribes h--; to use a smnl progranrable calculator to
establish emission indexes and to estimate the amounts of NO. formed
during engine testing. (4)

2.3.3 SUMMARY OF RESULTS

The results of Tables 1 - 27 are summarized in the firt 1. colurns
of Table S1. Column 4 contains the correlation coefficient for the
individual engine tests. The mean correlation coefficient for the
entire sample is 0.01515 pounds of NOx formed per pound of fuel consumed.
The standard deviation for the sample, equal to 0.00137, quantifies the
variability of the individual test results.

Column 5 of the same table contains the calculated amounts of NOx
emissions, which are derived from the mean correlation coefficient.
The calculated amounts compare closely with the amounts determined from
the emission indexes. Column 6 reports the percentage differences for
the individual engine tests, which vary from -21.37% to +22.68%.
However, the total calculated amount of NOx emissions for the sample
agrees to within less than 1% of the actual amount. Although individual
engine tests may demonstrate significant percentage differences, use of
the correlation coefficient to determine NOx emissions produces reliable
results for larger samples.
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3. STATISTICAL ANALYSIS

The sample used to establish the correlation coefficient in the
previous section is only a limited subset of all TF41-A-2B engine tests.

7 However, it is desirable to infer from this sample about characteristics
pertaining to the entire population. Statistical inference from a
sample is useful only if that sample has been randomly chosen, and is
representative of the population from which it was obtained. The 27
TF41-A-2B engine tests evaluated in this report were chosen because they
were conducted during 2 arbitrarily e! tablished calendar intervals, one
in 1985 and the other in 1987. The selection was therefore random, and
the sample should be considered representative of the population.

To demonstrate that the use of the correlation coefficient is a
statistically valid means of determining NOx emissions, it is necessary
to show that any apparent discrepancies between the actual and calculated
amounts of NOx are due only to random sampling error, and not to failure
of the procedure. The 2 parameters of interest, actual and calculated
NOx emissions, are not independent of each other; they are paired through
the procedure used to establish the correlation coefficient. The appli-
cable statistical method is the t-test for paired observations, which is
described in many standard texts on probability and statistics. (5) An
extension of the t-test for paired observations is recognized by the
Environmental Protection Agency as a method for certifying NOx monitoring
equipment. (6)

Table S2 presents the results of the statistical analysis, and
provides a brief outline of the equations used in the calculation
procedure. The first 3 columns of the table duplicate information
from Table S1, while the next 2 columns report the intermediate results.
The important statistical parameters are then suTarized at the bottom
of the table.

The values in column 4 are the differences between the actual and
the calculated amounts of NOx for each engine test. The estihrated
standard deviation, a value which describes the variability among these
differences, is used to derive a standard error for the mean of differ-
ences. The standard error auantifies how well the mean difference for
the sample estimates the mean difference for the population, which is
usually zero. From the estimated standard error, and an appropriate
t-value, confidence limits for the sample mean difference can be
determined.

95% confidence limits, based on a two-tailed test, are appropriate.
The expected confidence interval for the sample mean difference is
then 1.66 t 5.40. The absolute magnitude of this confidence interval
determines the relative accuracy, which describes how closely the proposed
procedure compares to the reference method (calculation of NOx emissions
based on the emission indexes). The relative accuracy determined from
this statistical analysis is 3.79%. This means that one can be 95%
confident that the correlation coefficient will determine NOx emissions
which are within 3.79% of emissions calculated by using the emission
indexes.
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4. CONC=LONS

L..e rate at which the testing of TF41-A-2B engines produces NOx
amissions can be expressed as a correlation coefficient. This coeffi-
cient can then be used to determine the amount of NOx emissions formed
during any engine test, based only on records of fuel consumption.
The correlation coefficient for the TF41-A-2B engine is 0.01515 pounds
of NOx formed per pound of fuel consumed. An analysis of the
statistical validity of the coefficient supports its use.

L
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TABLE Si. Summary of oxides of nitrogen emissions from the testing
of TF41-A-2B engines at NAS Lenore

Table Pounds of NOx Pounds of Pounds of NOx Pounds of NOx
per test fuel used per pound of (calculated) difference

in test fuel used in (a) (b)
test

1 72.06 5099.4 0.01413 77.26 7.22
2 54.38 4087.2 0.01330 6J.92 13.87
3 214.77 14579.0 0.01473 220.87 2.84
4 111.37 7038.3 0.01582 106.63 -4.26
5 42.03 2743.3 0.01532 41.56 -1.12
6 122.26 8096.9 0.01510 122.67 0.34
7 111.45 7739.3 0.01440 117.25 5.20
8 114.96 8019.2 0.01434 121.49 5.68
9 185.04 13081.0 0.01415 198.18 7.10
10 192.06 14427.7 0.01331 218.58 13.81
11 524.00 33635.1 0.01558 509.57 -2.75
12 473.31 30676.1 0.01543 464.74 -1.81
13 338.98 22433.6 0.01511 339.87 0.26
14 140.86 9630.8 0.01463 145.91 3.59
15 182.55 9474.5 0.01927 143.54 -21.37
16 165.47 10128.4 0.01634 153.45 -7.26
17 168.64 12132.5 0.01390 183.81 9.00
18 202.57 12454.8 0.01626 188.69 -6.85
19 122.77 7748.0 0.015q4 117.38 -4.39
20 60.24 4878.1 0.01235 73.90 22.68
21 108.22 7446.8 0.01453 112.82 4.25
22 169.24 11738.5 0.01442 177.84 5.08
23 222.60 14510.3 0.01534 219.83 -1.24
24 211.86 12540.3 0.01689 189.99 -10.32

25 330.69 21292.3 0.01553 322.58 -2.45
26 173.44 10563.1 0.01642 160.03 -7.73
27 212.38 12734.2 0.01668 192.92 -9.16

totals 5028.20 4983.28 -0.89

mean 0.01515
standard deviation 0.00137

(a) Pounds of NOx (calculated) is determined by multiplying the pounds
of fuel used in a given test by the mean correlation coefficient as
established from the 27 actual test runs.

(b) % difference = pounds of NOx (calc'd) - pounds of NOx (per test) x 100
pounds of NOx (per test)

7



TABLE 1. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lemore (Engine Serial Number: 141011)

Date: 7/ 7/1987

-* RPM TMiST FUEL FLW TE FUEL USE EI POUNES NOx(l) l/h) (MN (lb5)

12001 8810 5578 6 557.8 9.52 5.31

12187 9920 6346 6 634.6 11.58 7.35

12427 11380 7462 5 621.8 14.97 9.31

12645 12440 8343 6 834.3 18.04 15.05

11958 8420 5351 5 445.9 8.89 3.96

* 12230 10010 6483. 5 540.2 11.76 6.35

12480 11460 7562 5 630.2 15.18 9.57

12694 12480 8345 6 834.5 18.17 15.16
L..

Pounds of fuel used in test 5099.4

Poun Is of NOx per test 72.06

Pounds of NOx per pound of fuel used in test = 0.01413

Emission index (EI) for Nox is expressed as pounds of NO2 per
L 1000 pounds of fuel.

(a) An rpin of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresqponding thrust and fuel fic¢* are estimated.

8



TABLE 2. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lemoore (Engine Serial Number: 141505)

Date: 7/ 9/1987

RPM RUST FUEL FLOW TIME FUEL USE EI POUNDS NOx(l) ( b/hr) (MIN) (b

11991 8550 5525 5 460.4 9.10 4.19

12192 9950 6410 5 534.2 11.64 6.22

12531 11480 7614 5 634.5 15.23 9.67

12786 12520 8557 5 713.1 18.29 13.05

12018 8550 5625 6 562.5 9.10 5.12

12225 10040 6525 5 543.7 11.82 6.43

12543 11470 7665 5 638.7 15.21 9.71

Pourds of fuel used in test 4087.2

Pounds of NOx per test 54.38

Pounds of NOx per pound of fuel used in test = 0.01330

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.

9



TABLE 3. Eiission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lemoore (Engine Serial Number: 141430)

Date: 6/23/1987

RPM TO={FJ FUEL FTW TIE FUEL USE El PCUNDS NOx
(lb) (lb/hr) (MIN) (lb)

11712 8570 5281 5 440.1 9.13 4.02

11969 10010 6243 5 520.2 11.76 6.12

12334 11540 7280 5 606.7 15.40 9.34

12815 13450 9040 5 753.3 21.55 16.23

11739 8430 5246 5 437.2 8.91 3.89

12030 10060 6363 5 530.2 11.87 6.29

12308 11420 7375 5 614.6 15.07 9.26

12684 13310 8793 5 732.7 21.02 15.41

11895 8500 5381 6 538.1 9.02 4.85

12144 9970 6363 7 742.3 11.68 8.67

12435 11380 7415 7 865.1 14.97 12.95

12780 12960 8758 5 729.8 19.77 14.43

11954 8500 5409 8 721.2 9.02 6.50

12208 10020 6464 7 754.1 11.78 8.89

12472 11350 7418 8 989.1 14.89 14.73

12779 12880 8633 7 1007.2 19.49 19.63

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thnist and fuel flow are estimated.

10



TABLE 3 (continued)

RPM UrMJST FUEL Flal TME FUEL USE EI POUNES NOX
. (ib) (lb/hr) (MIN) (ib)

12016 8680 5545 6 554.5 9.31 5.16

12248 10160 6553 8 873.7 12.08 10.55

12522 11470 7550 7 880.8 15.21 13.40

12788 12730 8586 9 1287.9 18.98 24.45

Pounds of fuel used in test 14579.0

Pounds of NOx per test 214.77

Pounds of NOx per pound of fuel used in test = 0.01473

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An xpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.

I.1.



TABLE 4. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lezoore (Engine serial Number: 141011)

Date: 5/21/1987

RPM TMIFJST FUEL FLOW TDIE FUEL USE EI POUNDS NOx

11743 8630 5959 8 794.5 9.23 7.33

11979 10130 6639 8 885.2 12.01 10.63

12218 11500 7723 7 901.0 15.29 13.78

12596 13270 8847 9 1327.1 20.88 27.70

11738 8550 5356 7 624.9 9.10 5.68

12022 10170 6449 6 644.9 12.10 7.80

12274 11580 7475 6 747.5 15.51 11.59

12811 14090 9542 7 1113.2 24.12 26.85

Pounds of fuel used in test 7038.3

Pounds of NOx per test 111.37

Pounds of NOx per pound of fuel used in test = 0.01582

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.

12



TABLE 5. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lexmore (Engine Serial Number: 142542)

Date: 6/16/1987

RPM ITWIST FUEL FtOW TME FUEL USE EI POUNDS NOx
(lb) (lb/hr) (MIN) (ib)

11804 8430 5320 5 443.3 8.91 3.95

12124 10320 6586 6 658.6 12.42 8.18

12364 11500 7483 5 623.6 15.29 9.53

12686 13030 8724 7 1017.8 20.01 20.37

Pounds of fuel used in test 2743.3

Pounds of NOx per test 42.03

Pounds of NOx per pound of fuel used in test = 0.01532

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds 

of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.

13



TA=LE 6. Emission of oxides of nitrogen fram the testing of

a TF41 engine at NAS Lermore (Engine Serial Number: 141483)

Date: 6/18/1987

RPM T S FUEL FLOW TME FUEL USE El POUNDS NOx
(lb) (lb/hr) (ML') (lb)

11707 8760 5479 5 456.6 9.44 4.31

11993 10160 6398 5 533.2 12.08 6.44

12258 11410 7313 6 731.3 15.05 11.00

12651 13210 8852 5 737.7 20.66 15.24

11707 8470 5310 6 531.0 8.97 4.76

12028 10020 6381 7 744.5 11.78 8.77

12319 11340 7357 6 735.7 14.86 10.94

12742 13380 8962 6 896.2 21.28 19.08

11772 8630 5530 6 553.0 9.23 5.10

12055 10040 6371 5 530.9 11.82 6.28

12344 11510 7441 6 744.1 15.32 11.40

12767 13300 9028 6 902.8 20.99 18.95

Pounds of fuel used in test 8096.9

Pounds of NOx per test 122.26

Pounds of NOx per pound of fuel used in test = 0.01510

Emission index (EI) for NOx is expressed as Pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The correSponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at

military. The correspcnding thrust and fuel flow are e tixated.
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TABLE 7. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lemvore (Engine Serial Number: 141931)

Date: 6/24/1987

RPM MUST FUEL FLOW TIME FUEL USE EI POUNDS NOx

(lb) (lb/hr) (MIN) (lb)

11905 8670 5651 5 470.9 9.29 4.38

12097 10010 6426 5 535.5 11.76 6.30

12348 11410 7389 6 738.9 15.05 11.12

12697 13050 8827 5 735.6 20.08 14.77

11945 8580 5555 5 462.9 9.14 4.23

12185 10020 6608 5 550.7 11.78 6.49

12461 11520 7537 6 753.7 15.34 11.56

12620 12300 8200 6 820.0 17.60 14.43

11925 8570 5459 7 636.9 9.13 5.81

12177 10070 6551 5 545.9 11.89 6.49

12438 11550 7668 5 639.0 15.42 9.86

12644 12690 8493 6 849.3 18.85 16.01

Pounds of fuel used in test 7739.3

Pounds of NOx per test 111.45

Pounds of NOx per pound of fuel used in test = 0.01440

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at

military. The corresponding thrust and fuel flow are estimated.
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TABL. 8. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS temore (Engine Serial Number: 141619)

Date: 7/10/1987

RPM THM FUEL FL4 TIME FUEL USE El POUNDS NOx(lb) Clb/hr) (MI) (lb)

11945 8740 5630 5 469.2 9.41 4.41

12160 10000 6500 6 650.0 11.74 7.63

12467 11460 7561 6 756.1 15.18 11.48

12618 12220 8165 6 816.5 17.35 14.17

11931 8660 5491 6 549.1 9.27 5.09

12108 10000 6520 5 543.3 11.74 6.38

12469 11520 7589 7 885.4 15.34 13.58

12712 12570 8486 6 848.6 18.46 15.66

11945 8520 5465 5 455.4 9.05 4.12

12239 10180 6663 5 555.2 12.12 6.73

12506 11590 7653 5 637.7 15.53 9.91

12733 12590 8526 6 852.6 18.52 15.79

Pounds of fuel used in test 8019.2

Pounds of NOx per test 114.96

Pounds of NOx per pound of fuel used in test = 0.01434

Emission index (El) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpn of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 9. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lemoore (Engine Serial Number: 141359)

Date: 7/15/1987

RPM rTnJST FUEL FLW TIME FUEL USE El POUNDS NOx(l) ( b/hr) (I) (b

11849 8450 5271 7 615.0 8.94 5.50

* 12183 10040 6390 7 745.5 11.82 8.81

12490 11350 7410 6 741.0 14.89 11.03

12708 12350 8230 8 1097.3 17.76 19.48

11930 8500 5400 6 540.0 9.02 4.87

12165 9990 6375 7 743.7 11.72 8.72

12485 11470 7485 7 873.2 15.21 13.28

12646 12100 8020 7 935.7 16.99 15.90

11975 8550 5440 7 634.7 9.10 5.77

12230 10020 6503 7 758.7 11.78 8.94

12525 11450 7545 8 1006.0 15.15 15.25

12760 12550 8435 7 984.1 18.39 18.10

11985 8540 5430 7 633.5 9.08 5.75

12250 9950 6420 6 642.0 11.64 7.47

12545 11450 7515 8 1002.0 15.15 15.18

12790 12610 8465 8 1128.7 18.59 20.98

Pounds of fuel used in test 13081.0

Pounds of NOx per test 185.04

Pounds of NOx per pound of fuel used in test = 0.01415

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of 

fuel.

(a) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at

military. The corresponding thrust and fuel flow are estimated.
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TABLE 10. Emission of oxides of nitrogen frcm the testing of

a TF41 engine at NAS Lenmore (Engine Serial N-Laber: 141252)

Date: 8/ 2/1985

RPM TH=]ST FUEL FMOW TIME FUEL USE EI POUNDS NOx
(ib) (lb/hr) (MIN) (ib)

a
7000 640 1050 150 2625.0 2.26 5.93

11450 8762 5478 5 456.5 9.44 4.31

11798 10585 6762 5 563.5 13.01 7.33

12009 11826 7531 12 1506.2 16.19 24.39

12272 13091 8553 5 712.7 20.23 14.42

11318 8304 5152. 5 429.3 8.71 3.74

11492 9320 5814 5 484.5 10.42 5.05

11763 10741 6791 10 1131.8 13.38 15.14

12116 12612 8161 7 952.1 18.59 17.70

11355 8572 5320 6 532.0 9.13 4.86

11643 10201 6421 6 642.1 12.16 7.81

11972 11865 7634 6 763.4 16.30 12.45

12101 12545 8130 7 948.5 18.38 17.43
b

12800 12800 8040 20 2680.0 19.22 51.51

Pounds of fuel used in test 14427.7

Pounds of NOx per test 192.06

Pounds of NOx per pound of fuel used in test = 0.01331

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flod are estimated.

(b) An r= of 12800 indicates that the engine is operating at
military. The oorresponding thrust and fuel flow are estimated.
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TABLE i. Emission of oxides of nitrogen frcn the testing of

a TF41 engine at NAS Lemore (Engine Serial Number: 141298)

Date: 8/12/1985

RPM 'fdLST FUEL FLOW TME FUEL USE EI BOUNDS NOx(l) ( b/hr) (rM) b
a

7000 640 1050 220 3850.0 2.26 8.70

11449 8760 5531 8 737.5 9.44 6.96

11726 10396 6519 9 977.8 12.59 12.31

11941 1i442 7299 14 1703.1 15.13 25.77

12221 12786 8402 7 980.2 19.17 18.79

11476 8953 5599. 7 653.2 9.77 6.38

11725 10301 6483 7 756.3 12.38 9.36

12012 11809 7541 8 1005.5 16.14 16.23

12346 13594 8905 8 1187.3 22.10 26.24

11405 8691 5426 6 542.6 9.33 5.06

11849 10948 7010 6 701.0 13.87 9.72

12020 11841 7616 6 761.6 16.23 12.36

12520 14412 9688 6 968.8 25.52 24.73

11446 8895 5553 6 555.3 9.67 5.37

11694 10247 6419 6 641.9 12.26 7.87

12023 11851 7646 12 1529.2 16.26 24.87

Emission index (EI) for NOx is expressed as pounds of NO2 per

1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at

military. The corresponding thrust and fuel flow are estimated.
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TABLE 11 (continued)

RPM THIUST FUEL FLOW TIME FUEL USE EI POUNDS NOx(1) (lb/hr) (MIN) (lb)

12219 12922 8425 8 1123.3 19.64 22.06

11422 8699 5391 6 539.1 9.34 5.03

11693 10256 6423 6 642.3 12.28 7.89

12010 11824 7565 6 756.5 16.19 12.24

12516 14339 9624 6 962.4 25.20 24.25

b
12800 12800 8040 90 12060.0 19.22 231.78

Pounds of fuel used in test 33635.1

Pounds of NOx per test 524.00

Pourds of NOx per pound of fuel used in test = 0.01558

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 12. Dission of oxides of ritrogen fran the testing of
a TF41 engine at NAS Lemore (Engine Serial hNnmber: 141234)

Date: 10/ 5/1985

PM TWJST FUEL FLW TIME FUEL USE EI POUNDS NOx(l) ( b/hr) (MIN) (b
a

7000 640 1050 140 2450.0 2.26 5.54

11479 8767 5338 8 711.7 9.45 6.73

11765 10346 6375 8 850.0 12.48 10.61

12069 11910 7511 14 1752.6 16.43 28.80

11589 9278 5727 8 763.6 10.34 7.90

11901 10776 6870 8 916.0 13.46 12.33

12203 12449 8039 7 937.9 18.07 16.95

12568 14234 9506 9 1425.9 24.74 35.27

11518 8894 5426 8 723.5 9.66 6.99

11757 10248 6358 8 847.7 12.26 10.40

12020 11598 7336 12 1467.2 15.55 22.82

12350 13216 8599 8 1146.5 20.68 23.71

11539 8964 5495 8 732.7 9.78 7.17

11787 10465 6411 8 854.8 12.74 10.89

12017 11644 7285 8 971.3 15.68 15.23

12425 13563 8877 8 1183.6 21.98 26.02

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 12 (continued)

RPM THIWJST FUEL FLOW TIME FUEL USE EI POUNDS NOx-,(l.b) (].b/hr) (MIN) (l.b)

11610 8784 5532 5 461.0 9.48 4.37

11843 10289 6499 5 541.6 12.35 6.69

12156 11770 7665 11 1405.2 16.03 22.53

11538 8603 5400 5 450.0 9.18 4.13

11800 10230 6483 5 540.2 12.23 6.61

12113 11940 7779 10 1296.5 16.52 21.42

12371 13356 8765 6 876.5 21.19 18.58
b

12800 12800 8040 55 7370.0 19.22 141.64

Pounds of fuel used in test 30676.1

Pounds of NOx per test 473.31

Pounds of NOx per pound of fuel used in test = 0.01543

. Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating atK military. The corresponding thrust and fuel flow are estimated.
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TABLE 13. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Laore (Engine Serial Number: 141494)

Eate: 9/10/1985

RPM THRUST FUEL FLOW TIE FUEL USE EI POUNDS NOx(1) (lb/hr) (rM) (b
a

7000 640 1050 175 3062.5 2.26 6.92

11617 8958 5455 5 454.6 9.77 4.44

11844 10264 6438 5 536.5 12.30 6.60

12089 11850 7383 9 1107.4 16.26 18.01

12541 14120 9281 6 928.1 24.25 22.50

11603 8901 5442 6 544.2 9.68 5.27

11833 10459 6492 6 649.2 12.73 8.26

12083 11848 7408 7 864.3 16.25 14.05

12522 14047 9225 7 1076.2 23.94 25.76

11613 8957 5521 6 552.1 9.77 5.40

11883 10751 6685 7 779.9 13.40 10.45

12101 11983 7570 7 883.2 16.64 14.70

11588 8971 5484 5 457.0 9.80 4.48

11766 10298 6318 5 526.5 12.37 6.51

12042 11869 7494 5 624.5 16.31 10.19

12386 13573 8812 5 734.3 22.02 16.17

Emission index (EI) for NOx is expressed as pcunds of No2 per
1000 pounds of fuel.

(a) An rpmn of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 13 (continued)

RPM TMJST FUEL FLOW TME FUEL USE EI POUNDS NOx(lb) (lb/hr) (KIN) (lb)

11536 8747 5317 5 443.1 9.42 4.17

11786 10309 6408 5 534.0 12.40 6.62

12067 11887 7494 6 749.4 16.37 12.26

12429 13738 8965 6 896.5 22.67 20.32
b

12800 12800 8040 45 6030.0 19.22 115.89

Pounds of fuel used in test 22433.6

Pounds of NOx per test' 338.98

Pounds of NOx per pound of fuel used in test = 0.01511

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpn of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 14. Emission of oxides of nitrogen frcm the testing of

a TF41 engine at NAS Lemoore (Engine Serial Number: 141477)

Date: 8/26/1985

RPM THIMST FU FLOW TME FUEL USE EI POUNS NOx(l) (lb/hr) (I) (b
a

7000 640 1050 40 700.0 2.26 .1.58

11524 8697 5383 6 538.3 9.33 5.03

11744 10226 6354 6 635.4 12.22 7.76

12022 11764 7474 12 1494.8 16.02 23.94

12333 13393 8731 7 1018.6 21.33 21.73

11359 8688 5457 10 909.5 9.32 8.48

11726 10167 6311 10 1051.8 12.09 12.72

12063 11933 7634 10 1272.3 16.50 20.99

b
12800 12800 8040 15 2010.0 19.22 38.63

Pounds of fuel used in test 9630.8

Pounds of NOx per test 140.86

Pounds of NOx per pound of fuel used in test 0.01463

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 15. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lemnore (Engine Serial Number: 141357)

Date: 9/16/1985

RPM THI=% FUEL FL r TME FUEL USE EI POUNDS NOx(l) (lb/hr) (I) (b
a

7000 640 1050 60 1050.0 2.26 2.37

11607 8940 5579 5 464.9 9.74 4.53

11767 10275 6453 5 537.7 12.32 6.63

12079 11943 7613 10 1268.8 16.53 20.97

12391 13557 8809 6 880.9 21.96 19.34

11582 8857 5551 5 462.6 9.60 4.44

11843 10530 6644 5 553.7 12.89 7.14

12061 11963 7653 5 637.7 16.59 10.58

12492 19142 9381 6 938.1 58.68 55.05
b

12800 12800 8040 20 2680.0 19.22 51.51

Pounds of fuel used in test 9474.5

Pounds of NOx per test 182.55

Pounds of NOx per pound of fuel used in test = 0.01927

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 16. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Leaoore (Engine Serial Number: 141551)

Date: 8/20/1985

RPM THMRST FUEL FMW TIME FUEL USE EI POUNDS NOx(l) (lb/hr) (I) (b
a

7000 640 1050 70 1225.0 2.26 .2.77

11564 8744 5385 4 359.0 9.41 3.38

11801 10250 6391 4 426.1 12.27 5.23

12078 11803 7479 9 1121.8 16.13 18.09

12497 13822 9139 6 913.9 23.01 21.03

11545 8691 5358 5 446.5 9.33 4.16

11796 10329 6387 5 532.2 12.44 6.62

12088 11831 7540 5 628.3 16.21 10.18

12603 14587 9647 7 1125.5 26.32 29.63

b
12800 12800 8040 25 3350.0 19.22 64.38

Pou-ds of fuel used in test 10128.4

Pounds of NOx per test 165.47

Pounds of NOx per pound of fuel used in test = 0.01634

Emission index (El) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The oorresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 17. Emission of oxides of nitrogen fram the testing of

a TF41 engine at NAS Lemnore (Engine Serial Number: 141511)

Date: 8/ 5/1985

R M THIR FUEL FLCW TfME FEL USE EI POUNDS NOx•(lb) (lb/hr) (MIN) (lb)
a

7000 640 1050 100 1750.0 2.26 3.96

11632 8862 5467 7 637.8 9.61 6.13

11845 10210 6336 7 739.2 12.18 9.01

12005 11454 7137 13 1546.3 15.17 23.45

12193 12705 8045 7 938.6 18.90 17.74

11512 8140 507.7 6 507.7 8.46 4.30

11695 9327 5772 6 577.2 10.43 6.02

11889 10575 6650 6 665.0 12.99 8.64

12042 11819 7506 6 750.6 16.17 12.14
b

12800 12800 8040 30 4020.0 19.22 77.26

Pounds of fuel used in test 12132.5

Pounds of NOx per test 168.64

Pounds of NOx per pound of fuel used in test = 0.01390

nEmission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 18. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lenoore (Engine Serial Number: 141612)

Date: 8/ 6/1985

RPM T=l.ST FUEL FLOW TIME FUME USE EI POUNDS NOx(l) (Ib/hr) (rM) (lb)
a

7000 640 1050 55 962.5 2.26 2.18

11518 8793 5405 7 630.6 9.49 5.99

11811 10406 6541 7 763.1 12.61 9.62

12096 11998 7573 14 1767.0 16.69 29.49

12453 13677 8955 7 1044.7 22.43 23.43

11537 8796 5439 6 543.9 9.50 5.17

11836 10603 6640 7 774.7 13.06 10.11

12108 12075 7641 7 891.5 16.92 15.08

12481 13805 9058 7 1056.8 22.94 24.24
b

12800 12800 8040 30 4020.0 19.22 77.26

Pounds of fuel used in test 12454.8

Pounds of NOx per test 202.57

Pounds of NOx per pound of fuel used in test = 0.01626

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operAting at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 19. Emission of oxides of nitrogen fram the testing of

a TF41 engine at NAS Lenmore (Engine Serial Number: 141630)

Date: 8/24/1985

RPM TH= FUEL FLOW TIM FU USE EI PCUNDS NOx

a
7000 640 1050 30 525.0 2.26 .1.19

11547 8710 5376 5 448.0 9.36 4.19

11782 10276 6430 5 535.8 12.33 6.60

12054 11839 7535 9 1130.2 16.23 18.34

12502 14027 9364 5 780.3 23.85 18.61

11546 8765 5405 5 450.4 9.45 4.26

11779 10280 6451 5 537.6 12.33 6.63

12149 12206 7927 5 660.6 17.31 11.44

b
12800 12800 8040 20 2680.0 19.22 51.51

Pounds of fuel used in test 7748.0

Pounds of NOx per test 122.77

Pounds of NOx per pound of fuel used in test = 0.01584

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are esthiated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 20. Emission of oxides of nitrogen fron the testing of

a TF41 engine at NAS lenwre (Engine Serial Number: 141952)

Date: 8/ 2/1985

RI! IJST FUE FW FUEL USE EI POUNDS NOx
(lb) (lb/hr) (MIN) (ib)

a
7000 640 1050 60 1050.0 2.26 2.37

11420 8687 5407 5 450.6 9.32 4.20

11584 9808 6112 5 509.3 11.35 5.78

11743 10722 6728 8 897.1 13.33 11.96

11966 11802 7573 5 631.1 16.12 10.17
b

12800 12800 8040 10 1340.0 19.22 25.75

Pounds of fuel used in test 4878.1

Pounds of NOx per test 60.24

Pounds of NOx per pound of fuel used in test 0.01235

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 21. Emission of oxides of nitrogen frai the testing of

a TF41 engine at NAS Lemoore (Engine Serial Nnber: 141952)

Date: 8/13/1985

RPM MiWSr FUEL FLO~W TINE FUEL USE EI PUJNDS NOx
(lb) (lb/hr) (MINh) (ib)

a
7000 640 1050 50 875.0 2.26 .1.98

11414 8562 5366 6 536.6 9.12 4.89

11678 9855 6251 7 729.3 11.45 8.35

11925 10974 7060 14 1647.3 13.94 22.96

12267 12717 8388 7 978.6 18.94 18.53

12800b 12800 8040 20 2680.0 19.22 51.51

Pounds of fuel used in test 7446.8

Pounds of NOx per test 108.22

Pounds of NOx per pound of fuel used in test = 0.01453

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpn of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.

32



TABLE 22. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS LeRoore (Engine Serial Number: 141952)

Date: 9/23/1985

RFM TJST FUEL FW TIME FUEL USE EI POUNES NOx
(ib) (lb/hr) (MIN) (ib)

a
7000 640 1050 75 1312.5 2.26 2.97

11403 8458 5257 5 438.1 8.95 3.92

11646 9764 6150 5 512.5 11.26 5.77

11890 10942 6941 10 1156.8 13.86 16.03

12242 12689 8230 5 685.8 18.85 12.93

11561 9338 5842 9 876.3 10.45 9.16

11766 10266 6534 9 980.1 12.30 12.06

11979 11382 7242 9 1086.3 14.97 16.27

12800b 12800 8040 35 4690.0 19.22 90.14

Pounds of fuel used in test 11738.5

Pounds of NOx per test 169.24

Pounds of NOx per pound of fuel used in test = 0.01442

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flad are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estirated.

33



TABLE 23. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lenmre (Engine Serial Number: 141952)

Dte: 9/27/1985

RPM 71=r FUEL FLOW ThE FUEL USE EI POUNDS NOx
(ib) (Ib/hr) (MI) (Ib)

a
7000 640 1050 120 2100.0 2.26 4.75

11480 8739 5480 5 456.7 9.40 4.29

11787 10353 6447 5 537.2 12.49 6.71

12105 11847 7468 9 1120.2 16.25 18.20

12578 14175 9353 7 1091.2 24.48 26.71

11483 8775 5424 5 452.0 9.46 4.28

11776 10269 6365 5 530.4 12.31 6.53

12075 11752 7417 12 1483.4 15.98 23.71

12404 13181 8569 7 999.7 20.55 20.55

11466 8689 5417 6 541.7 9.32 5.05

11767 10264 6371 6 637.1 12.30 7.84

12090 11810 7461 6 746.1 16.15 12.05

12686 14693 9725 7 1134.6 26.82 30.43

b
12800 12800 8040 20 2680.0 19.22 51.51

Pounds of fuel used in test 14510.3

Pounds of NOx per test 222.60

rounds of NOx per pound of fuel used in test = 0.01534

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rp of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flaw are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 24. Emission of oxides of nitrogen frcm the testing of

a TF41 engine at NAS Leroore (Engine Serial Nu.ber: 142563)

Date: 8/15/1985

RE.4 ThJ=ST U FLOW TIM FUEL USE EI POUCNS NOx
(ib) (lb/hr) (MIN) (lb)

11428 8802 5411 5 450.9 9.51 4.29

11804 10360 6568 5 547.3 12.51 6.85

12037 11922 7548 10 1258.0 16.47 20.72

12518 14378 9553 6 955.3 25.37 24.24

11512 8753 5365 5 447.1 9.43 4.21

11790 10351 6523 7 761.0 12.49 9.50

12067 11946 7622 7 839.2 16.54 14.71

12555 14536 9625 6 962.5 26.09 25.11

11527 8743 & .5 5 452.9 9.41 4.26

11782 10457 6531 6 653.1 12.72 8.31

12046 11876 7597 12 1519.4 16.33 24.82

12342 13393 8764 5 730.3 21.33 15.58

11553 9023 5521 6 552.1 9.89 5.46

11775 10384 6527 6 652.7 12.56 8.20

12046 11930 7614 6 761.4 16.49 12.56

12492 14143 9470 6 947.0 24.34 23.05

Pounds of fuel used in test 12540.3

Pounds of NOx per test 211.86

Pours of NOx per pound of fuel used in test = 0.01689

Emission index (EI) for NOX is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idls. The correspondirg thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.

35



TABLE 25. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lemoore (Engine Serial NTLe: 142563)

Date: 8/15/1985

RPAM TIMST FUEL FLW TME FUEL USE EI POUNDS NOx
(ib) (1b/hr) (NIN) (ib)

a
7000 640 1050 180 3150.0 2.26 7.12

11501 8762 5379 6 537.9 9.44 5.08

11812 10558 6653 6 665.3 12.95 8.62

12056 11909 7605 11 1394.2 16.43 22.90

12525 14315 9538 7 1112.8 25.09 27.92

11520 8781 5403 6 540.3 9.47 5.12

11767 10397 6483 6 648.3 12.59 8.16

12071 11927 7673 6 767.3 16.48 12.65

12453 13975 9253 8 1233.7 23.63 29.16

11479 8745 5343 5 445.2 9.41 4.19

11762 10406 6480 5 540.0 12.61 6.81

12060 11992 7642 5 636.8 16.67 10.62

12584 14565 9775 6 977.5 26.22 25.63

11530 8899 5483 5 456.9 9.67 4.42

11762 10418 6516 5 543.0 12.64 6.86

12078 11980 7682 6 768.2 16.64 12.78

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estirated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 25 (continued)

RPM THIJST FUEL FLOW TIME FUEL USE EI POUNDS NOx
(lb) (lb/hr) (MIN) (lb)

12581 14525 9823 7 1146.0 26.04 29.84

11543 8935 5492 6 549.2 9.73 5.35

11780 10398 6546 6 654.6 12.59 8.24

12062 11970 7681 6 768.1 16.61 12.76

12438 13864 9230 7 1076.8 23.18 24.96

b
12800 12800 8040 20 2680.0 19.22 51.51

Pounds of fuel used in test 21292.3

Pounds of NOX per test 330.69

Pcunds of NOx per pound of fuel used in test = 0.01553

Emission index (El) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 26. Emission of oxides of nitrogen from the testing of

a TF41 engine at NAS Lenore (Engine Serial Number: 142596)

Date: 10/21/1985

RPM THMST FUEL FLOW TD4E FU USE El POND NOx(lb) (lb/hr) (MIN) (lb)

7000 a  640 1050 75 1312.5 2.26 2.97

11483 8600 5360 5 446.7 9.18 4.10

11727 9891 6231 5 519.2 11.52 5.98

12056 11661 7401 10 1233.5 15.73 19.40

12545 14136 9402 5 783.5 24.31 19.05

11440 8500 5262 5 438.5 9.02 3.95

11706 9817 6171 5 514.2 11.37 5.85

12019 11440 7296 5 608.0 15.13 9.20

12741 15022 10177 8 1356.9 28.42 38.56
b

12800 12800 8040 25 3350.0 19.22 64.38

Pounds of fuel used in test 10563.1

Pounds of NOx per test 173.44

Pounds of NOx per pound of fuel used in test = 0.01642

Emission index (El) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpn of 7000 indicates that the enqir.e is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 27. Enission of oxides of nitrogen fran the testing of

a TF41 engine at NAS Lemore (Engine Serial Number: 142599)

Date: 11/15/1985

RP TiST FUEL FLOW TIE FUEL USE EI PUJNDS NOx(lb) ( b/hr) (MIN) (Gb)
a

7000 640 1050 50 875.0 2.26 1.98

11556 8672 5557 7 648.3 9.29 6.03

11759 10182 6516 8 868.8 12.12 10.53

12077 11757 7711 12 1542.2 16.00 24.67

12485 13756 9314 7 1086.6 22.74 24.71

11556 8650 5403. 5 450.2 9.26 4.17

11817 10279 6494 7 757.6 12.33 9.34

12090 11790 7610 7 887.8 16.09 14.28

12587 14218 9585 10 1597.5 24.67 39.41

b
12800 12800 8040 30 4020.0 19.22 77.26

Pounds of fuel used in test 12734.2

Pounds of NOx per test 212.38

Pounds of NOx per pound of fuel used in test = 0.01668

Emission index (EI) for NOx is expressed as pounds of NO2 per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flod are estimated.

(b) An rpxn of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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4 TABLE S2. Statistical summary of emissions data for the TF41-A-2B engine

Table Pounds of NOx Pounds of NOx Difference d 2

per test per test d
(calculated) (a)

1 72.06 77.26 -5.20 27.04
2 54.38 61.92 -7.54 56.85
3 214.77 220.87 -6.10 37.21
4 111.37 106.63 4.74 22.47
5 42.03 41.56 0.47 0.22
6 122.26 122.67 -0.41 0.17
7 111.45 117.25 -5.80 33.64
8 114.96 121.49 -6.53 42.64
9 185.04 198.18 -13.14 172.66

10 192.06 218.58 -26.52 703.31
11 524.00 509.57 14.43 208.22
12 473.31 464.74 8.57 73.44
13 338.98 339.87 -0.89 0.79
14 140.86 145.91 -5.05 25.50
15 182.55 143.54 39.01 1521.78
16 165.47 153.45 12.02 144.48
17 168.64 183.81 -15.17 230.13
18 202.57 188.69 13.88 192.65
19 122.77 117.38 5.39 29.05
20 60.24 73.90 -13.66 186.60
21 108.22 112.82 -4.60 21.16
22 169.24 177.84 -8.60 73.96
23 222.60 219.83 2.77 7.67
24 211.86 189.99 21.87 478.30
25 330.69 322.58 8.11 65.77
26 173.44 160.03 13.41 179.83
27 212.38 192.92 19.46 378.69

totals 5028.20 4983.28 44.92 4914.25
means 186.23 184.57 1.66

Estixrated standard deviation 13.64

Estimated standard error = 2.63

95% confidence limits = ± 5.40

Relative accuracy = 3.79%

(a) Difference = NOx (per test) - NOx (calc'd)

See notes i -iv.
L4
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TABLE S2. (continued)

Notes:

i. Estimated standard deviation:

d Ed2 _ (Ed) 2 /n

d ni

ii. Estimated standard error:

Sd

iii. 95% confidence limits (two-tailed test):

CC = t 0 . 5 S where t 0 .9 5  2.056 for n 27

iv. Relative accuracy:

RA Idi + ICCI x 100 where R- is the average
"reference method" value
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APPaDIX A: Engine Operational Data (Run sheets)
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WAIC Z47- / (7bb

75 Cbs 2- z~~/ ~ ,

TbQS (A) ' /e' 'Y ' jo;' ) /P /? I 7
!3 TAIIT TIS~ STOP T I-To" TYT, T1131 T7", hrs. inirn.

VIAS LWIORE (40i 13100/14 IREV. 12-771 IF6OrETJ



TF -it PEIRFORH'ANCE GALCULATIO> GM ECORD I~' si1-lPEST

DATA PLA7E

r(.I SEllIA L tvj!?R FFUECE1. DATE /7~ ' C7
TEST CELL ItNUMNP3FR,- . ! FC0

DAkTA TO F.E 57CFDAE~ACI'nED

t ~P77e T ___ 0~ 7 ",; 4 4:5 S 4

I __ __ _ 15 1 l 16.5_ _

_______________ _______ r97__ --

__________ 761_ 201_ r, __ 3 . 72.. 7 /.
F 'A U-R.~3''' ____________

-5. 7' 5 *1i* _ __

F":O ribs 100'n 11~~ /530 /376 0 2200 oo Q 30 / 1 S6&

F';- 7. OS,

7I 77 7S 177 ~1 F__ ___

'IL.
5/6)E f/& 'A6 /__2 1/69 //7 ZZ 42 /73 / 7

.,C ._77

P51cus 2 J'-,,I

P5C~~ 0 J q.-7 -

E.. . ) Z.

DELTA P Cbs i(i 7'-. '.~ 6.5 2

___ __ __ __ __ s - 1 /3' Z/ ' 97C z~~

T50 77' 5 - Qpj~~~;___

5TR i,- TPT I MF 77TA jT M T T 'I- hrs. - - in.

7/)/' 27~- & ~ ' /VAS"~ LEMC/v ~ l 140 13700/1 (RV 12-77 (3T )
72



F4C C.% /'T5,' i cx
TF-41 PERFORNM{CE GALCULATICMi RECORD I" 3') TYPE IEST .1L A

NsoVA PLUT -7J
Fl:&un117 SERIAL ell~ ~ SEQ.UENCE Nj'7BEr~ 9AT
77.3T CELIL 11"F~ER C FER TMT T

DATA TO K_ STC7.E-LR/F- .DFD

DA7Af j?2' 3 - ~I

___ ___ ___ __ PC5N 14 i c1L.-4. ~' ___ __ (~ ~ pK

__ _ _ __ _ _ _____ 4 cq4 ,-, 2 . z t .,Iolc 'I"?, S), N

P3 7 q, 7 1Sq V .7 ~_

-, -7.. 1; (

FN_-

17~9 '79~ 3s(1 4 74'?, 6 (7 -__0__

imo C <b"L
_________ _________ _ -z1-_ _7_ _S__ /_c, __ _ 7,

E.P.!i * &?. ' ,/7 . . 1 I Ix,7*i

DEL'. P 063 5" ts ! 'I),
I I-Z 7

T5 h 1-2 1 2 9~- ~7 103 '7 0 ____ ,u 0___

T5QC 77'~ 1) /?' el ___ IT7) r.) LI1~ -1 ' 1 I

ThiQS (A) 1el i220) a's. 0 T)~ '~'
START TI"-: STOP I'U'2: (_o/T WI 7T"- , hits. mi .

t
2 ?I /t ~ ' 1r Q.. ~ *VAS LEJ 00RE 11I0 13700/1 la& FIC. 12-771 I F40.T)



TF ""I PERFORMHCE CALCULATION RECORD_____________

DATA TO BE STCRETDAF*Ca--tED

t. 9 _ . 71* _

AL C:.C.p) ~

SAB SC 6~li 0 0 __ __ __ __

F!:3___ _____ T 2 __) I ! ;. ____q ____

FNCO Z../ CiV L2 I57 -

____________________ Sr l j _ _ _ _ _ __ _ _ _ _

F 77 'VA &Q<12 _________

___________0~3: z~:~ Cj9(

e.-. -'-- -

~0 3 (1 Ic~

P5 . I~ Ob -3 - -9

FP510b 9 1 -0 2, - -o

D EL T. p C.3s L __ .
WATC C.

T5 Obs S

V T5C 770 57 'n 1 ~1~~______ __

TbQS (A) 7 ,) CQ qc- --

START TI,' : STOPTIf.T hrs. iil

PA~S LEMOORE (L-1 13; 0 '-L REV. 1;-771 CF1NV01



~TF If PERFCR:tlA:NCE CAL CUL AT 101 R CORD __________ 5T PAE ST

DATA TO PE STC1EDAECMDED

DA TA 7/ 5

rot FON cO :,- I ' 9

F~~A:~~ ' zfjO r I i .o sqi .9( Ll'__ __

* T F (uci Term) l'/zQ . 0 I'o-o v;t---{;I k.o _

A% RF IVs 17 3 >;fj7

RES. VALITZ . w/ ,'

_______ _____ __________ 1_____ _____

N;0 Obs 7icjtc 0 Ch ~ ~ l~0 '

FNC (7c/,,- j :'1i ~)~C ~(, ~ e<I) ' ',;;{__

13 -7 -

0L O JjE 7 , 1 ~ /Q' ' V~L
F_____, _____ 77_ "R~~~L ~I/___

_ _ _ _ L- -3_
0__________ ub a~ 2t 7 ?3G 7( ~cl.-' ~ ~ ,( .>:"

§W.3 £%7j 1  __f ___ __)_L_ 6'4 3

DE6' ~ fO ~ L.~P.l~~AC~(
- .C 77.......iL.......

F5.1cbjs7 7 Q~ t C; c j.'2 C /: ' .i __

______ ~J IoV roh L~)K( 7 1~'Li~

TQS (A KOo3 o/ 'I 'I-)_ (.)-I__

'* ?;' -

___________ -7 ))O cJ...
T.i""' T H ""z

~ 7/ * LI 11 K~LEACv-. 0-.] I o I~ MO 12:77!, IF olT I



RiC CK 1'915 'iSiLLx
~~~~~ I1. TY!D"J~"D ~r PE IE3T

I r.Iruiii:. UMIIIITzo IDATA PLATE 7c

FIM11"7 , IA~ T,~7 /!4'3 ,157 S NLINC2 E R DATE/6 s

DATA To '2. STCR:To/'EBCUIED____

1- A T 2 3 __ __ 6 7

.1._r F I1--

- ~ ~ ~ 7 00~:J

T13 f _ _ a W8 2 ., P SSt

RES. __ __ __ _ ____7 V : ioz 2/~. 7

__ __ _ __ __ _ __ __ _ __ __ b1

________ ________ ________ 1. 70 _______ 7 __ _ _ o,- ~ . /

r 7 -1

4_____ 7- 3 c.-1 1(.

N~l1 7P0 Z ?jS 1 7 I 0

f7, -7__ 52_ _ _ ___ _ _s__

W7'C 770/i_ _I _ _

5 - -5 rL- -/

WATC *2. .27'42 / I~ 32 7.5~.

ThQ5 (A) 4; /1 -0L.'41 7'7 R9_ -

ST*. p 3OP , TT~ T! ' !1: ' 7 T hrs. rin.

J~~~5/~~~A LUGO'( 1/ 13700~K4'$'J~A~A~J~ / 1 12-711 (tr:



IT-4 FERFDIANCE CALCJLATIC~i RECORD I 1-fVPE IEST

ODATA ?LAIL

II,-

-k-lA TO EE STC~.'*7C -.."nD -

~~~~~TA~~~~~~ 
6__ 

__ __ __ __ __ __PF c' ____1 71,1 2_ _K_ _

____________________ ____ 4 ~ 771.

7________.____ F.< c) 'N r s r(1

6__4)_6___r__._4 o_6_cI

___________________~--1 D__ 5 ~ f~ 9~ a 2 L ~~

_ _ _ _ - 3S

0 30_ !i I lo

7 7 1

G' I L' L

_ __5_ -t ,-

P5 Cb Tf7~~cqI~0IG i7

E-.R .iL3 o ___PIL_[__

-- - - - 6-- _ I_,
___________ (A) (f /q 1 .h 13 q~ ~
C 15 ,6 1_ _ _ _ ~ . . . ~ ~ L ~ L A - - - I_ o _ _ _

,tP~~~c lirs7 in'. rft,.__ _ _ _ _

_________ 1 7) 2~11~~1 ~ <7 ;57-771__
-2T P j.i. . __



*.2CI~ ~ // / S~UE~~ NL~R AT A '

Ms C~l -M- OFERA'M ~~
EWDAA TO EE S7rP:)ZC~C~DD

DAA 2.J 2 ~ 3 67Q~ 7 "~'i
____________f__ rg L 5/ ?&-52

,A'. A~2 < O .

.73 L1 3 K17~ o~Li3I 7

I n. "~~_ _ _ _ _ _ _

____ ____ ___ ____ / /~i I)~- ~ y '-' i7 ~/;A
_ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ '\ _ _ _ _ _ _ _ _ _ _ _

ES. '-~- I ~(OI 2 c 1 ___ __ _ _33

F! _ ___________ 7' tii9!2 75
1110~ ~ __ __/X3/

"e"bz '76 __6 __ J55
I-IF _ _ _ __ _ __ _ _ __ _ .'7C

F5 - ob r
P513TV~h~4VI//j-o

-5 ' 0 1,__

U:,.E-7~ I IREV 12-77) IFr l~



1)' PE* IES

VA 2
___________ _____ =..'I ________ 4_ __ __

____________DAi TA~~7 & .TO .3 S___ _____C_.D'

.' t A3

1-7'

__________________TY____ 

___ ____ ________________

A_______~??__ 
______ 

__ '2~

_______________________ ____ _____ _________ _____~~:)> _0

_______ ____ 7z c 7, W 7  Q L 7 _ _ _ _ _

-i1 __77_ __ _ __ _ _

____________ __________3 __ __ _ __ _ 3

I "'- I -~ i77

7___ -1~/''0 
2'~ ~~~(

I II,

V- i cj rc, /2l

______K/(/2C 

__

I~L~/ ~ _____ ____ ~>
KIOC~a //?[I'2~ 4 %_ff.~7i M/

I ____________________ 
Iz

W*AI

T5__________ C AzI -c-

S K~;TT~ ____

_________________S 
L__ _____ E__ [ .-



-- EO , .? ' LCU LM CT;I RECDRD ":A ?- T I I EST

7.:I, , . ,; / L - . : , IDATE ZY /.u.,.,:L, T a
S .L:T~r /[0r .,W ..:., . :. -- __.____?.T____ •

DATA TO FE STCZDi', WE"

2 L 6
6- Z __

__ _ _ _ _ _ _ __ ___-" .... __ '__ "" 2 .. . . s- ' i-," /' : / -5-"

SI ~ 'c

1:l t i-. I, 1•
• .../0 ..... ~ 1/ ?12,. it. b _ __

* ' r'
F', .7 0-- , - . / •-
_ _ _ _ _ _ _ _ _ _ _ , < / . ' ' , ' _ _ . t , . . . i ., , ty , " -: , ]

..... .... ,- . K i -. , : k _ - ,S. j ( C- ; / ".__ "

_ _ _ _ _ _ _ _ _ _ r _ _ _ _...

--o - "• I' - ,-.'<OI).'" " /'>Y
___ __,- __ ___ ___ __ .__ ,i ?. ,.;/ ,..! ,, .. , :.: .- ':. i ___ ..... ;____ ,'

P5.1 cl1,

F T7177I ' , . , .. ;'"1' ' I _

... ..[,,__ _ _ _!3'10 I - , , .. . 7,

___ __ __ ___ __ __ ___ __ __ __ ___' i ____ __ ?, c-, ' , ---" ,- // (i2g ') ,ll " A , 6

"l
' T ;  

I' •, /7/ ., / _

s.: c.I., /, .[ , ,' .. : i<K.i l. _____, _ 1_/;_;-____ ,;_-,':_

WA" II (~ , ,', :-

____ ___ __,.,_ -', : K:IK i : §"K- _-,_-__. _____ :"
; : 7+ ! I .......... I . .,....._ . . .'I' . .... -- . .



- - ,-cC T5 CK

_ __ DATA ?LATE

SER SE'I N -,, DAT. !,.2 ,'216- 17--

______0 ____qO-'aA Ta M~aa tT

D. TC PZ STC-REDi/F.Ell,

.:"_" _ _ K - V 2 36 I7 ____ _ _ _ _

7a1 7 I- 7_o T_________
(.', :. ,! ," ' -_ I, .. _ __?,,o i . .

_____________________ . 9i/V L.q. ____ , .__

" lIona / ......

-7 ~

F__ ) 7,' 
(

tK.7 .2:AI f/c L wo I___I___ __ _

" -r- -
__ __ _-"__ 2 .}1 I f_ _

• I ' " -I _ _ _

_ _ _ _ I I . ..: ( / ., ,

7' 7 _ _ _ _ _ _ _ _

,.. ____. _____.!, -<! -.

I,- -,i( ,.. I
,.I /.c~

., . - i --- a |-- . , . I _ _ __ _ _ -

P.,C,-3 I . ,-,I 7 , t2Z i ,-- S I

..... , " , J / . / , - _ . . /-- ..'

, 1 -.7-- -

_ I ___ 7__A7_ _T D TO.'1 !'17hr. mn

. .. ... i 1 -

T5 4 ' ' .. ./i~ /! ~ ~ . I________I_______

.T~'.... ... ____.__.___-____ :

i ,." -, . ]7 UIOT I<,170 1 TY 2.',

Sq'Mt T~t: "2; :3 (- "a',"



T~: F~ 4'5C 1 I Ri CM lP
_____~S'4c.2A-A LA7TE

SER;~ £1IAL 'J,:7TRE SZ Cc. 7,1 N kE.E-ATE 7j y C

DAA TOA 6

_ c7_ _ _ I

I IN

~~IF - :

':17

-C',

_ _17 _7 7 _ _ _ __'_ _ _ _ _ _ _ _ _ _

7'~~

L F: _ __ _ _ __ _ _ J._ _ _. _ _ _ _ _ _ _ _ _I

__ _ _ _ _ _ _ _ _ _ __T_ _ _ _ _ _ _ _ _ _ _ _

1:5I

_ _ _ _ _ _ __ _ I _ _ _ _



TF -'41 F: U .R>,A'iZE LALCULATi"'N RECORD i YElS
I SZ) JDATAP[ATE--

E;(* S*.1 -' Lh,:; s ~A Y-2)
all ____Ns __________________

7 1-!

C. 1 - t-e---IrV

o I

F> C J,-cs rof -0

17-- 0 /-- '1'1 ~- .- ___I___
__ __ __ _ ~ . _ __ -cI

77_______'(i ~ -;~~,_
*....~ I ~ ~

1
_________________ )1723 r)t& '/SQ~I~/)~!;;i .'-; ~ fj2 ___7_

F~ ~ ~~~~~7 7;.1~/~S 'V __

£?. *~ ~ I . ~~,* 2/K.!3 2.1 ____

j~ j~ 'I

LRY IZ7' FLT)-'OhT:/ y



TF -4f 1 E7F.M'": CAL CU' -T IO RE.02D ____ VTYPE TS

TS7 C L. .'7 RINSF C

EAT.-. TO 3ESUCZD/Ft.GCDED

7 I2

c___ _____ __ ______ -

I I4

77_ __ ______________I___

* ____ _____ I____________ _____________y__

?5c l,9 7 (

1?,~-~- ' 00

K.- ._ _ _ _5__ _ _ _ _

50 ___ __r ___ _ _ _ __

:7lI.1I,

_____________-S _____)F 
:2-77i V,_ _ _ _ _ -



TF-+IE~C~''' ~ \'~C~DF C C4 5/C /,' efg9

S' I' IA 
LA E

1 II T FG.L C T~~c r j' 4 -' rl . ,, r -

- - ~ ~ G .----- -3e

-AT TOz T 7

,(1~ .~ *' . *- 4 / 2(, 'Z

(I)

YO /r 3t

_____In_2___y__3_2, 
2- ? r _1/ __

!I, ' i 1? I

______ cb5

______U 
2G__ 7__ : /~(/7

I ic

Vi

2-.T p. rs

;;Al PC:7 ;;-: 
_____/1 

(REV. 1277 if ,rNT



0. 1 *7' t

-1 <! -C

- . - I f

, f2.I
4 7 3~ - 2

IC-7

/." C*( 3

i:t

1 02 0 9

.,7' 
I-)

I'-'. ~ ~ ~ ~ ~ ~ c -TE'JT -z s...-______
F.- 5II

~~ C z, ~IY~a~ S~.D j4~LO

__ __ __ __ __ __ __ ____rj? 2'. ' L~ j~~ I'B
_____________________ __________ ~o7 ________________ ;~7/ /O)C

____5 ____- 77 .5--- -I* 7

___________ _________ ____~'-- ~ ~*~'~~7 7 c,

S _ _ _ _ __ _ _ _ T '- T.-__7__ 7

!)I.. LE j&;CLl 0K3V 1 RV 27iI"-T



REODF),CCK/ T5 CK 12 17TF-41 PERFORMANCE CALCULATION REODTNITYPE TEST *~-

-C0JXAPLT8j,
ENIGINE SER IAL NUIMER SEQUENCE NUMBER DATE t

TEST CELL NU7,M OPERAT~rt INSECTCR _~

DATA TO BE sPrCREDA/.ECCRDED
n6/7)

DATA 1 2 36 7 8

DEFW POINT ~ £ 6 S6 ~ _

TF (Fuel Temnp) ____j'1. .r e7. j
A A ARF.____L 72____
LAB SG .72LZ? 0 60

P3 __ _ __ _ 3 -?,) q-t32 75? 7-' 2et 2 S/ 6

RES. VALUE q~4 zs .2? e; 13?~

J BOX TE.MP (JBT) ___ __ Ij7. 9* /cX0.
HNO Obs *<o;g /b/>q b20 '5~~~

. - - -

FN /0s IN7~ 1~ 762 13343 16 /to W aImo /?q3

WFO Obs 5?7J K,2) 2L/10 7966O &3'O5Kv33('o
-.< -qtp - ?.--

WFC 770'

DELTA P OAbs q3- .' 61e- . 'KC S.v{ K.

TIJQSC ))'.'J /91o 26 -?w / cfi z~? I'h

START TIME- ISTOp Tim: 1TOTAL RUN TTI-IF hrs. m .
WA3 LEMOORE 11101 13700111 (REV. 12-771 IFRIONT)

L



FXC CK IL T5-CK JA 1
TF-41 PERFORMHCE CALCL-ATION RECORD rYPClES

-- I 50 10TA PLATE Y(c

ENCMflE SERIAL NUMBER - SEQUENCE NUMBER -19 DATEI

TEST CELL NMBER Q_~ OFERATcrt I--MPECTCR ' )*/

DATA TO BE STCRED/RECaRDED

DAA2 3 5 6 7 8
DEW POI f-r '53 5 3 -S- 13 s,
PAMB n- 55I -sii X-54 Z-9 S5 29-59 - 29.-53 zq -S-

Tl 6D -L 65-$ (,,L

TF (Fuel Temp) (&.1Z's ~ L.~ . 9 -~:~ TI

*A4~ ARF.A 95

LAB SG - Bzr0_(a 0

P3 L9 k3213L -z- sj
T3 031-6 AIL 'ir 130 -Y7 ~
RES. VALUE 4,7_] 1 .?7 4za2 7

J BOX TEMP GIR3T) go *i zL 0 . 9-s.

FNO Obs IO9 1S0 1) )C

FNT 770 S~r15 /C4)O q K!'kcI '89~f 1, 105 3q IIC.61 )-41-2)
- 7 - _b 9% 1 5 -1 5 -1 - - 0 6 - ~ t ',

NJC 7±YL2L o i V)14. -i- 11o3 1S10Z -
NHO Obs 5 ) 1702)620

WFO Obs ~ 1. 9D )wj lj 52)0 - -

WFC * 5) 3605' 5403. lA V 173 9 -Z5
WFC 770

DELA PObs- -- -

L j 
A 3 L D4ORE (O I 37 0/ 1% REY. 12- 77) IFI4QN TJ A 2



TF-41 PERFORMANCE CALCULATION RECORD TSNC jq3*I3 JTPETST;rLTso DATA PLATE 8 -F?

ENGINE SER~IAL NMBNER 14 d15(3 jSEQUENCE NIPIBER DAT I I
TEST CELL NUWULER OFERATCR I tZECTCR 6LN ri

DATA TO BE STCRED/RECORDED
Al------------ -l----------

DATA 1 2 3 _ _ 5 6 7 8

TF (Fuel Temp) ' c3 . =t5 9a -2L -~ 9q 13.
*AL ARFA_ _ _ _ _

LAB SG 0@ 66 0

T3 1f -73 w j~~ 5a)'5 t la -/~ Ta II

RES, VALUE q'c- 1'006 4-)JC In~ ~ 4,M3 q 1J3?q fJ -7

FNC Vj1_ OqC d9ta jqS65 I4 S OfI. ti&q 1. 1,bIq

FT770 ____ io(3 0133 NHIQ 961 L&Y- laladI q'67 3
?JLO Obs- j56 ND __

NHO Cbs I[5 I&~ qb -V66 r.61- '

___________ 5 130, &)Ib -16 Oq 663F 32 5 c qO
WFC s~q om O Vr Am g 6 6 ___ 9S
WFC 770'

P5.1 obs 141j q~*' la -5I 9 I. Z ql U.3~
P5C Sq -clq 160 3J3 )16 5! &AS 6o 5 ±
E.P.R. 931 .013 a ~ q ___

DELTA P Obs -6 61 -

T5 bs 101 535 l~~IOY
T5C 770 55 1__ 01-3 M ~ 'I_ fl r

ThjQS (A) :i i lk hl'i I1
START TIME: ISTOP TL,.- ITOTAL RIJN TT'F. hrs. min.

PAS LEJIOORE 1401I 13100/14 IftEV. 12-771 IFHONTI

L A--In



RECOR Fcl 3- 115 0, /21TF-41 PERFORM4ANCE CALCULATION RC D 5 1ITYPE IESTFIIO TsDATA PLATE

F.1IGI1IE SERIAL NUMBER SEQUENCE NUMBER, DATE

DATA TO BE STCRED/Rr-CaCDED,

DATA 1 2 35 6 7 8

DFW POINTr C5 55 55 _

PA mB -2 SlZI 5.5L,296. '1 6,L *

P i ( a1. 7.S I. (_ _ _ _ _

TF (Fuel Temnp) cl I, - 19__. )1__ ___

AL AREA _________ _________

LAB SG . -111 @ a, 60 0

P3L 435 4?,5 c) _______

T3 -)Z35 S SO- '893 ______

RES. VALUE I

J BOX TEMP (JBT) 19C3 - (z7. - 7 1

FN bs 1C )3c I(Oz 4?o

FNT CIA 5c' I2cf)O 139-75______ __

FNT 77' C 0 ~ 1-- 3 i7(; 111 ac1 ____ 0_

NLO Obs 7Th~r -7b -?~ SL7

NHC 11543 irflo 1?oU p 12-_ __A

WFO Obs 5315 b2 T1O 0 i - - - -

WFC r, 4 qZ- (I:,56 -1 6 1 2 -'_ __ _

WFrC 770

P5 .1 Obs 21 -7 2 .3 ':'A.3
P5C C C5] 6(o5)T .9 11 __J

DELTA P UOs 42.3kcC). 3 SLa d. Y,-

WAIC 12 9 o Z 2A.1 ___

T5 Obs c~o 3 c)S7 - - -

T5C 770 L 98Z i 2 ~j?~_____

TtaQSC 177 I -D' I'; 1 7, __ _

TLsQS (A) T - ci
START TIM~E: STOP TIME: TOT'AL RUN TIN: hrs. mi .~

NAS LD40ORE (401 13700114 (REV. 12-77) IFHONT)

A- 31



TF-41 PERFORMWRE MA.ULATIQOI RECORD FT9 I'( ~
I T6 DATA PLATE

ElIGIIIE SERIAL NUMBER ItS4 SEQUENCE NUMBER Fo DATE Wo Lp

TEST CELL NUMBIER J-OFERATCR INISPECTOR

DATA TO BE STCED/ECCRDED

DATA 1 2 35 6 57 Y

PAMB,~.O~j~2.' 2,. o C 25'.% Z.,a (

*Tl S. ~ 4 L (7- 62. V

TF (Fuel Temnp) A ___F~ ~
*A ARKA___ S "9 _______ ____

LAB SG 00

P3 32S4A'25 SK5' _373 '12 'f7
* T3 3 72L S_ 3'~ ~ 7~ 1 ~f

RES. VALUE > $ > ,A '-/gg '/,Zl '/.7 'Y f.~

JBXTE4P i..,iii ___ 7. Cv.~*
* FHO Oba ')I6 12& /26 )YJrao 7390 6clo )fn o

* FNT ci Al 0002 1/, 1 I-q Z5 1 KL3I3
* FNT 77 0 L2L ().I /s\[S

NLO Oba -2 7S66L -7 qf~ -/, gq

* NHO bs /1(,S 11?00/~ O ' /A5Z ' 1-Y Cl/5 0 / f -2 ta) ( 31-)I1J q

*WFO 0b5 -S- 7Q~ Y7fZC2~

WFC ~c Q~lf 9 9ol o 5- C2 161L 1 2i )0177

- P5.1 Obs Z3 3 2i/. .1 V. ~ZL 'Lj.().

E.P.R. 6 .61- 1l 12.- L4 Y I L Y09.

DE LTA P Obs 70..~)&S. 0.?~L i .

T5 Obs ___ 1q 6ti-) 'Lu Y7'/LJL
T5C 770 163~ lo3 // Uf( 911l j316f(6
TtAQSC lI{&b' I1 ?'3 9/h /W t VI K$I( m-l__

TLQS (A) LLi .L2.4.!' £235L
-START TIM~E ST 0P TI: I ±M.TT1 RUN TrPE? hrs. min.

PAS LD400RE(4 ta 170011', tREV. lt M fD,

A-32



R' CK T5 CK

TF-41 PERFORHANCE CALCULATION RECORD T Z7_' TYPE TEST
TSO DATA PLATE

ENGINE SERIAL NUMBER 42 S- SEQUENCE NUmBER DATE

DATA TO BE STCREDA*ECaU)ED

DATA ' 3 hi 5 6 7 8

DFW POINT 2.-
PAMV 30.06 )o o6 ) o-1- 30.06 •

PI - o ,2 1% 1 . ...9

TF (Fuel Temp) /. Z2Lj.S/ . . . .

.A ARE A r.

LAB SG . z _ 0 0 o § 0

P3 ~$3L2'Ygo 0~ ____

T3 70 7'f 7/ ) 3S- Y_

RES. VALUE ___

J BOXTEMP (JHT).

HO Obs g2-3D /t 95 /S 70 /JI)

FNC // /0(1 f II 2 /I. //___"

F FNT 770 (~ /0-7/9 11V7 13102 ___ ____

NW Obs "291 2,7 274'? OYbb

w c y ?t9 n,'/( "7 1 I'72 _____
NHC

WFO Obs

WFC G 1 7 1

WFC 770____

P5.1 Obs5 7. f 3.1 )1. W .

r~c 0o0 21.- ,V Y " 13. •

E.P.R. 2-/ . 1) ;-3-??

DELTA P obs 9. . •

WAIC o,1 .o 2,22.3 Z36. & '_•

T5 o'i /o,7 /O//

TsC 770 //&Y ,it_,

ThQsc I ) p o 1/..'5o -1-02, 7 /.T aSC( )ll<i'O 190 207 r( ___,, __._.. .
TiLQS (A) /___ -- 2o

PTART TIMCi STOP TIME.: TOTAL RUN TI'E, hrs. min.

WAS l L040GRE 140 1 tl lto i W~. 12-711 m A-ll/. 3/c I~m _ -- o .w.rcs Td ,,,,/ , z,/.t.7.>,< .,.,-3,



TF-41 PERFORMANCE CALCULATION RECORD CM [T ET f I
TSO DATA PLATE

ENGINIE SERIAL NUMBER C/, 51, SEQUENCE NulBER 7( 2- DATE/ /- (
TEST CELL NUlMBLR K/OFERATaI/1n -~ INEiTCR, /1-v e ell,

DATA TO BE STCED,'ECC1DED
7" ',h 9 J-ro jhz0  - , rq, /o 

1 4 ,
DATA 1' 2 35 6 7 a

DE"W POIN _ _ _ _

Ti 2. 6. q , ' Z__ 2__&__I

TF (Fuel Temp) /. 7I 1J ( ___ ____ ___

A AR.A.

LAB SO 0 d

P3 3?C/30 q0 0~ _

T3 ?L T 'S o__ __

RES. VALUE ,(q 6 ~ ~l j~~ .9%
J BOX TEMP (JBT) 10'79/(. ) . .

FHO Obs /9 /0C L//[56

FNC /,(Ic7-~/(9 ,qif __ _

f76 N7T 1cloG [ ~Z _____

NLO Obs 7 33' 7736 '2
__ _ __ _ __ _ _ 7( 6&3 &'f 1

NHO Cbs /166fl /1961 -2I' 1 Z~ -- l

NHC C /{g'/ 1~%2~ ___ _

*WFr 0Cbs 2KZfo 3Y Uq 6l?f

WFC §9 O 3~ 6q I tj, l ?__ C,___

WEC 770 ---

P5.1 Obs ZY-6. 7--:- 32).;S P/06 .
P5 22 6(,.Z3 80 ZS

E.P.R. I/A36 7,613 2-113 ?,'1f ___

DELTA P Obs .~ Y~ S§ .6

WA IC 2CjO-2127 c S.. __

T5 Obs /00 1 Q c7g loq_____
TSC 770) Z 14)_ __ _ __ _

TLjQSC r/ ~'' ~f2~__ __ __

1VQs (A) ( ~3 1, 7 3
START T~IME--:SO TIME: lITOAL, HIM TIME*. hrs. M77nf AS L04CORE 1401 137000/l 1 REV. 12-771 (FuWONTI

A-34
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PROGRAM TF41 *

C-*

PURPOSE:
-* THIS PROGRAM CALCULATES A CORRELATION COEFFICIZIT TO ESTIMATE

THE AMOUNT OF OXIDES OF NITROGEN PRODUCED DURING TF41 ENGINE
C-* TESTING. THE CORRELATION COEFFICIENT IS EXPRESSED AS AN

-* "EMISSIONS TO FUEL RATIO" WHICH ESTIMATES TOTAL NOx EMISSIONS
-* ON THE BASIS OF TOTAL FUEL USE ALONE.

C-*

PROGRAMMER:
-* VERONICA J. HOBAN

AIRCRAFT ENVIRONMENTAL SUPPORT OFFICE
C-* NORTH ISLAND, CA

-* AUGUST 12, 1987

C-* VARIABLES:
-* IDENTIFIER TYPE DESCRIPTION

C-* KOUNT INTEGER # OF ENGINE TEST RUNS
N INTEGER # OF ENGINE POWER SETTINGS PER TEST

-* IESN INTEGER ENGINE SERIAL # (LIMITED TO 6 DIGITS)
J,K,L INTEGER MONTH,DAY,YEAR OF ENGINE TEST RUN

C-* RPM REAL ENGINE POWER SETTING IN rpm
THRUST REAL ENGINE THRUST IN POUNDS
FUEL REAL ENGINE FUEL RATE PER POWER SETTING IN

C- * POUNDS/HOUR
TIME REAL TIME AT A GIVEN POWER SETTING IN MINUTES
EI REAL EMISSION INDEX EXPRESSED AS POUNDS OF

C-* OXIDES OF NITROGEN PER 1000 POUNDS OF
.c-* FUEL

FUELUSE REAL POUNDS OF FUEL USED PER POWER SETTING
NOX REAL POUNDS OF OXIDES OF NITROGEN RELEASED

C-* PER POWER SETTING
TFUEL REAL TOTAL FUEL USE IN POUNDS FOR THE ENGINE

TEST RUN
C-* TNOX REAL TOTAL AMOUNT OF OXIDES OF NITROGEN

RELEASED FOR THE ENGINE TEST RUN
-* COEFF REAL CORRELATION COEFFICIENT FOR EACH ENGINE

C-* TEST RUN
ACOEFF REAL AVERAGE CORRELATION COEFFICIENT FOR ALL

-* TEST RUNS IN THE INPUT DATA FILE

C-* ADDITIONAL VARIABLES WERE USED AS TEMPORARY STORAGE

*'-* INPUT:
C-* THE INPUT DATA FILE IS "ENGINE.DAT", AND READING OF THE DATA

IS LIST DIRECTED.
THE 1st RECORD COUTAINS "KOUNT" WHICH APPEARS ONLY ONCE IN

C-* THE DATA FILE.
- -7-* THE NEXT N RECORDS CONTAIN "THRUST,RPM,FUEL,TIME" WHICH MUST

BE EXPRESSED AS REAL VALUES (DECIMAL POINT INCLUDED).
EACH SUBSEQUENT-SET OF ENGINE RUN DATA IS ENTERED IN A

.C-* SIMILAR MANNER.

* -* OUTPUT:
C-* THE OUTPUT DATA FILE IS THE STANDARD OUTPUT DEVICE (LINE
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-* PRINTER "ILPT11"). THE OUTPUT IS NOT STORED ON DISK.

.C-* METHOD:
THE CALCULATION METHOD USED IN THIS PROGRAM IS DESCRIBED

-* IN AESO REPORT No. 4-85 (JULY 1985) & AESO REPORT No. 10-87
C-* (NOVEMBER 1987).

-* RESTRICTIONS:
C-* THIS PROGRAM IS DESIGNED FOR THE TF41 ENGINE. IT MAY BE USED
C-* FOR OTHER ENGINE TYPES AFTER SOME MINOR MODIFICATION.

-*1. REVISE HEADER FORMAT TO REPRESENT ALTERNATE ENGINE TYPE
2. REVISE THE LINE EI=a*EXP(b*THRUST) TO INCLUDE VALUES OF

C-* a AND b WHICH REPRESENT THE ALTERNATE ENGINE TYPE
-*3. REVISE FINAL FORMAT STATEMENT TO REPRESENT ALTERNATE

-* ENGINE TYPE.

PROGRAM MAIN
REAL*4 NOX
OPEN(50,FILE='ENGINE.DAT' ,STATUS='OLD')
OPEN(6,FILE='LPT1' ,S2ATUS='OLDI)
READ(50,*) KOUNT
TCOEFF=0. 0
DO 10 I=1,KOUNT,1
READ(50,*,END=999) N,IESN,J,K,L
WRITE(6,9000) I,IESN,J,X,L

'n000 FORMAT(111,T1O, 'TABLE 1,12,1. Emission of oxides of nitrogen',
1 1X,'from the testing of'/
2 T1O,'a TF41 engine at NAS Lemoore',
3 1X,'(Engine Serial Number: 1,16,1)1//
4 T1O,'Date: 0,12,1/1,12,1/',14//
5 Tll,'RPM',4X,ITHRUST'13X,'FUEL FLOW',3X,'TIME1,
6 3X,'FUEL USE',3X,'EI',3X,'POUNDS NOx'!
7 T19,1(lb)1,5X,'(lb/hr)',4X,'(MIN)',4X,'(lb)'/)

TNOX=0.0
TFUEL=-O.O
DO 20 M=1,N,1
READ(50, *) THRUST,RPM,FUELP TIME
EI=2 .02*EXP (1.7 6E-4 *THRUST)
FUELUSE=FUEL* (TIME/6 0.)
NOX=EI*FUELUSE/1000.
TNOX=TNOX + NOX
TFUEL=-TFUEL + FUELUSE
IRPM=JFIX (RPM)
ITHRUST=JFIX (THRUST)
IFUEL=-JFIX (FUEL)
ITIME=JFIX (TIME)
IF(M.EQ. 17)THEN

WRITE(6,9050) I
9050 FORMAT('11,T1O, 'TABLE 1,12,1 (continued)#//

1 T11,1RPM1,4X,1THRUST1,3X,'FUEL FLOW',3X,'TIME',
2 3XP"FUEL TJSE',3X,'EI',3X,'POUNDS NOx'!
3 T19, '(ib) ',5X, '(lb/hr) ',4X, '(MIN) ',4X, '(ib) '/)

WRITE(6,9100)IRPM,ITHRUST,IFUEL,ITIME,FUELUSE,EI,NOX
ELSE
WRITE(6,9100) IRPM,ITHRUST,IFUEL,ITIME,FUELUSE,EI,NOX

9100 FORMAT(' ',TlO,15,3X,I5,5X,15,6X,I3,4X,F7.1,3X,
1 F5.2,3X,F6..2/)

ENDIF
20 CONTINUE

B- 2



COEFF=TNOX/TFUEL
TCOEFF=TCOEFF + COEFF
WRITE(6,9200) TFUEL,TNOX,COEFF

'200 FORMAT(101,T1O,1Pounds of fuel used in test',9X,F7.1//
1 T1O,'Pounds of NOx per test',32X,F6.2//
2 T1O,'Pounds of NOx per pound of fuel used in test = 1,F7.5//)

,0 CONTINUE
ACOEFF=TCOEFF/FLOAT (KOUNT)
WRITE(6,9300) ACOEFF

q30 0  FORMAT(1l',TlO,'THE AVERAGE CORRELATION COEFFICIENT FOR THE'/
1 T1O,1TF41 ENGINE IS ',F7.5/)

-.39 CONTINUE
CLOSE (50 ,STATUS=' KEEP')
CLOSE (6)
STOP
END
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